Developing and Evaluating the Internet of Things System for Room Management on Campus, a Usability Perspective. by Wang, Zhenwei
 Zhenwei Wang. Developing and Evaluating the Internet of Things System for Room 
Management on Campus, a Usability Perspective. A Master’s Paper for the M.S. in I.S 
degree. November, 2016. 48 pages. Advisor: David H. Gotz 
This paper aimed to evaluate the existing room management system on School of 
Information and Library Science, UNC Chapel Hill, and suggested a new room 
management system that has all the features of the existing system and, based on Internet 
of Things technology, allows users to find the room by themselves with the help of the 
mobile app that interacts with Bluetooth beacons. The newly developed mobile app is 
then evaluated by usability inspection and usability test on a few test subjects. The test 
showed that new functions come with the mobile app is efficient in providing new 
features that are useful when booking and checking the room for more information. The 
author concluded that the new system could be helpful for users to manage room booking 
by themselves and offered further development suggestions to the system. 
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Introduction 
Rationale for the Study 
The application of IoT technology in a campus setting has been discussed and utilized by 
many researchers. Wang [19] discussed the application of a lab management system on a 
campus setting which uses RIFD chips as sensors to control and manage the temperature 
of labs. The research realized many IoT tools and utilized cloud computing, and 
eventually developed the application on a computer. 
While many researches on IoT systems like Wang focused more on the functionality and 
complexity of the system, this paper aims to achieve something differently. First, the app 
tried to provide some functions that has not been implemented before, the proximity 
detection function, that allow system users to know the location of the room and check in 
to the room by themselves so that if a person booked the room but not use the room, the 
system can reset the room as available so the resource could be better used. Second, 
instead of developing an application that runs on a computer, the new lab management 
system utilized smartphone technology and made the application available on a 
smartphone; Third, the focus of this study is to test on the usability of such mobile system 
that has all the traditional room booking capability and provide new features to see if the 
system meets the user’s needs.
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Research Questions 
This research aims at implementing a smart room management system using IoT 
technologies, cloud computing technology and mobile technology, and focused on 
evaluating the usability of such system. The research is conducted based on the following 
questions: 
1. The usability of the smart room management system using the Bluetooth beacon 
technology, does the system meet the user’s needs? 
2. What is the advantage and disadvantage of selecting Bluetooth beacon technology 
over other technologies? 
3. What features do users expect, what information do users need when interact with 
the system?  
4. What are the suggested future development for the existing system? 
Limitation of the Study 
This research is focused on the usability study, and the author has limited energy and 
time to develop a fully functional system, so the system is designed in a way that it fits 
the configuration of a small department with two labs only. In addition, the user end 
mobile app runs only on iOS devices due to the fact that this app is more like a proof-of-
concept app that manages rooms. Also, the experience was conducted in Manning Hall, 
home of the School of Information and Library Science, UNC at Chapel Hill, which is 
specific and all potential users are visitors of this location. Therefore, the usability test 
results may not apply to other settings or configurations of another physical environment. 
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Literature Review 
Usability Study Principles 
Usability is the ease of use and learnability of human-made object. In the software 
engineering context, it is also the degree to which a system, or software can be utilized by 
target users to achieve objectives with efficiency, effectiveness and certain level of 
satisfaction. The usability study of a system helps researchers and developers find 
optimized ways to deliver a system that meets the need of the users. Most of the 
applications, especially mobile apps require usability study in order to achieve an 
optimized system usability. 
As pointed out by Gulliksen et al. [6], a user-centered system design should emphasize 
that the purpose of the system is to server the users but not specific technology, or an 
elegant piece of programming. Therefore, the usability evaluation of a system is believed 
to be more important than many other evaluations in the system development cycle, and 
should be conducted before the final delivery. In this spirit, the usability of a IoT system 
is critical and more important than the technology that is used in the system. 
Even so, a good system design and choice of technology are both as important as the 
usability of the system. This system is intended to test the usability of a smart room 
management system which mainly guides users of the system to find rooms and know
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how to use the room prior to or upon arrival. Since this research focused more on the 
usability side, the rationale behind the selection of frameworks, technologies are 
discussed so that the selection of the technology fits the requirement of the system that 
brings an optimized usability. 
Usability Study Objectives 
To evaluate usability of the system, multiple aspects of the system is discussed including 
but not limited to: Ease of learning, efficiency of use, user satisfaction and error 
frequency and severity. This research aims to explore these fields to answer the research 
question provided in the previous chapter by using controlled questionnaire and interview 
to see user’s feedback to the system, and collecting data on user’s speed in performing 
the task and error frequency. 
Background of Internet of Things 
Internet of things, defined by The Global Standards Initiative on Internet of Things (IoT-
GSI) [8], is  
A global infrastructure for the information society, enabling advanced services 
by interconnecting (physical and virtual) things based on existing and evolving 
interoperable information and communication technologies.  
IoT applications has been used in many areas like Environment monitoring, Infrastructure 
management, Manufacturing, Energy management, Medical and healthcare and Building 
and home automation and monitoring. The “Things” referred in the IoT world are 
physical devices that send data to and get controlled by the virtual controllers run on the 
internet and they are the core of the system. Devices like heart monitoring implants, 
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electric chips that monitors the water pollution, sensors that tracks the movement of the 
humans and make corresponding actions are all real world implementation of IoT. In the 
eyes of IoT engineers, everything are objects that can be connected to the internet. The 
aim of IoT tools is to strengthen the connectivity and accessibility of the traditional 
objects, such as a light, a room, a building or even a city.  
The design and implementation of smart-room systems using Internet of Things (IoT) is 
one of the hot topics in the engineering and IT industry as it encompasses both industries 
and real-world solutions to our daily life. It serves as a good source of information that 
can be used for study in a certain area. Just like the popularity of Twitter has changed the 
way people get information, and the emerging of virtual reality and augmented reality has 
created a new way people understand the world, the great leap in information technology 
and availability of high-speed network has enabled humans to develop many devices to 
automate daily lives. Unlike traditional physical devices that need to be controlled by 
human on site, many devices are now connected to the internet to perform certain actions 
for humans. These devices are more systematic and consistent in most cases, which is 
different from humans who are more spontaneous, random and inconsistent in actions, so 
it can perform better than humans in many areas. 
To support the implementation of smart-room systems, many IoT devices emerged to 
fulfill the task. Among all IoT-related technologies, Radio-frequency Identification 
technology, Near Field Communication technology and Bluetooth Beacon technology are 
most widely discussed in this regard.  
  
 
9 
Radio-frequency Identification technology, also known as RFID technology, allows a 
special microchip to transmit the identification information to a corresponding reader 
through wireless data transfer. The first patent that associated with the term RFID was 
granted to Charles Walton [14] in 1983. After that many RFID chips emerges and now it 
is widely used for user identification, device tracking, and monitoring in logistics, 
pharmaceutical production, retaining and supply chain management fields. RFID chips 
are working well in detecting accurate proximity within 2 meters of range and the 
production of RFID chips is fairly cheap. 
Near Field Communication (NFC) technology, on the other hand, allows a set of short-
range wireless data transfer at a distance of 4 cm or closer. The technology was initially 
drafted by Sony® and Philips® in 2002 [17]. NFC technology enables simple data 
transfer in a secure way so it is widely used in money transaction and digital content 
transfer. Many existing services, including Apple Pay of Apple® and Android Pay of 
Google®, use the NFC technology. Two of the most important advantages of NFC are: 1. 
It allows a secure bi-directional data transfer; 2. A prior connection to NFC is not 
required in order to interact with it. A NFC-compatible device can approach to the NFC 
tag and perform data transfer instantly without extra human intervention. However, it is 
worth mentioning that NFC does not support long range or even close range (less than 2 
meters but greater than 10 centimeters) proximity detection. 
The Bluetooth Beacon technology originates from Bluetooth Low Energy (BLE) 
technology. Different from traditional Bluetooth devices, the BLE device maintains 
constant communication to other devices while keeping the power consumption at a low 
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level. The technology was originally introduced by Nokia in 2006 named “Wibree” [13], 
which then be included in the Bluetooth Core Specification Version 4.0. (On June 2016, 
the Bluetooth SIG unveiled Bluetooth version 5.0 [2], which greatly enhanced the range, 
speed and data broadcasting capability, which laid a solid foundation for itself to play an 
important role in the IoT field). As a late comer in the IoT field, the Bluetooth Beacons 
technology distinct itself among other technologies by having a strong proximity 
detection capability. A compatible beacon can detect nearby devices even though they are 
30-50 meters away. However, the technology falls short in bi-directional data transfer 
support. Even so, these cheap Bluetooth beacons had expanded the scope of IoT 
applications to many new fields. Among all fields, it is most widely used in the retail 
industry. Shop owners use beacons to detect the location of the shoppers and push 
discount information and show directions to them; Restaurant owners use the beacon to 
interact with the app, so they can tell patrons the special dish they offer, take orders from 
them and do the payment. Most of these applications focused on the strong proximity 
detection capability of the beacon and used it in their business.  
Even so, there are potential problems in IoT systems regarding usability. For example, 
Främling[4] pointed out that the internet of things may have to compromise between 
security and usability since different use-case may require different security concern as 
usability in IoT field often points to lower importance of security to maximize 
accessibility and ease of use given the fact that the existing IoT system often builds above 
an existing system that is fully functional without the IoT. This has raised the attention of 
the author to carefully select the technology so the IoT system does bring extra function 
in addition to the existing system. 
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Past Research on Smart Room Management System 
Prior to this exploration, there are multiple explorations of Smart Room Management 
System. Almost all the researches are IoT related by using some of the IoT technologies 
to realize the system. On 2011, Ma, Li and Zhou [11] designed a study room management 
system and apply the system to school library based on RFID technology. Their approach 
is to randomly offer user a RFID-compatible card when user logged in to a check-in 
website and the card can be used to give users access to the library. This system focused 
on overall management and would work well with users having prior knowledge of the 
location of the library. Since RIFD technology does not have a long range proximity 
detection, it would be hard for users to use the RFID-compatible card without knowing 
the location of the library. 
In 2013, Wang [19] explored the possibility of using IoT technology to manage labs on 
campus. He uses RIFD chips as sensors for the system and users of the system use a 
desktop application to interact with a central computer system that compute, control, 
analyze the system. Similarly, in 2014, Hangzhou Qiushi Internet of Tings Science and 
Technology filed a patent to State Intellectual Property Office of China about a smart 
room management system (disinfection supply room management) using IoT devices 
[18]. The patent applies a similar approach used by Wang, Ma, Li and Zhou that uses 
RFID technology. In this system, a RFID tag with an antenna is used to allow 
management of the room usage, which includes room entry, work progress tracking, 
storage management, etc. 
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In 2015, Collotta and Pau [1] offered a solution for smart room management using BLE 
technology. The core idea of this solution is to use BLE devices with a Fuzzy Logic 
Controller (FLC) to improve a Home Energy Management (HEM) scheme, addressing 
the power load of standby appliances and their loads in different hours of the day. 
Collotta’s uses BLE devices to establish a wireless network to coordinates 
communication among home appliance. This research offers a good idea on the 
application of BLE devices and benefits of choosing BLE over other technologies.
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Research Methodology 
This research study applies qualitative method to measure the usability of the SmartSILS 
room management system developed by the author. The system is designed and 
developed based on the evaluation of what key functions the new system is supposed to 
have and which IoT technology the new system utilizes. The developed management 
system was subject to a usability study, which was conducted using questionnaires and 
participate observation. 
System Design 
From the conventional viewpoint, room management is the task fulfilled by 
corresponding management team. If a person wants to book a room, usually he/she come 
to a specific office or send an email to a specific email account to book a room. The 
person generally has no idea of the room they got and, in many occasions, he/she needs to 
consult the management team for help regarding how to operate some in-room devices. In 
addition, if the person got a room which he/she has never been to, it usually takes some 
time before they can find the room. The author worked as the Research Assistant in the 
department and experienced similar difficulties when trying to find the Virtual Reality 
Room in the department even though the author was told the location of it. In addition, to 
develop virtual reality applications, the author would like to know the devices the room 
has and how to use the in-room devices prior to the arrival to save time. However, the
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existing system does not report room devices information or guide users to go to the 
room. Also, as more people are using smartphones, it would be nice if there is a mobile 
app so they can reserve and locate the rooms they reserved as well as learn the devices 
availability and usage all by themselves. The author would like to find a way to solve the 
problems mentioned above and provide a mobile solution with some test on new 
technologies available. 
After some researches and a discussion with the management team at Manning Hall, the 
author has come up with the idea to build a room management system using IoT 
technologies. The system is supposed to have the basic room booking function. In 
addition to the function to provide room device information, one of the key enabling 
features of this app is to allow users to use the app and find the room they have booked 
without the necessity of knowing where the room is. In addition, since there is no 
prediction on when a user will start searching for the room, the selected technology 
should work pretty well in terms of both long and short distance proximity detection, and 
works well within a building that has many rooms. Therefore, a few IoT technologies 
were evaluated, which includes GPS technology, RFID technology, NFC technology and 
Bluetooth Beacon technology. 
Several relevant researches have showed that a similar function could be realized by 
enabling GPS signals that provide geo-locations, or using RFID chip or NFC chips to 
provide location information. GPS signal relies on the GPS modules in a mobile device to 
identify the locality of itself. Although it is proved to be reliable in real-time location 
tracking in open spaces like driving navigation, it is not the optimized solution when the 
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application environment is inside a building or house. The GPS data is not accurate to 
offer the exact location in a given floor of a given building.  
RFID technology is widely used in toll collection automation on highways, and location 
tags used for many areas. However, a RFID chip can only broadcast information within a 
range of 2 meters. Similarly, NFC only broadcasts information when the device is near 
even though it is capable of providing encrypted data transfer between compatible 
devices.   
Unlike GPS, RFID and NFC, Bluetooth beacons is more applicable in room management 
under current system design as it provides a wide range (up to 50 meters) communication 
with devices. It is ideal for broadcasting general information like location data or 
personalized message within the range. However, Bluetooth beacons have the potential 
flaw of being invaded. Therefore, it is not ideal to use for protected data transfer. 
However, after evaluating other IoT technologies, it is believed that Bluetooth beacons 
performs best in detecting proximity and can detect devices near it in roughly 50 meters 
of range. This smart room management system, relies on data transmission, and require 
the IoT device to broadcast information within a certain range. The device detects the 
location information, understands the signal and display the information based on system 
needs. After a carefully done research, the author finally selected Bluetooth beacon for 
this research, the main reason is that the beacon fits well in providing proximity 
information, which is the key feature of this app. Although it is not ideal for secure data 
transfer, it still a good fit for this project as the main data transfer work is done by the app 
and the server. The beacons serve as a location point that is detectable by the mobile app. 
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Therefore, using the Bluetooth Beacon technology becomes the final choice for the 
project. 
After the IoT technology is selected. The other components for the system is evaluated as 
well. Except the key component of the system, the mobile app, a centralized server, 
which serves as the management, information tracking and exchange center, is desired as 
well. For servers, the author evaluates both on-premise servers and cloud servers, and 
found that using a cloud server would allow fast development and is free of charge. (For 
this project, as the system is supposed to be minimized, the free tier service provided by 
major cloud service providers is sufficient.) It may take a while for the author to get 
access to an on-premise server and the author have to manually install all the 
development frameworks, which is time consuming compared to using cloud servers 
online that has all the pre-defined, well-tested framework packages available.  
As to the selection of mobile platform, since iOS is believed to be stable and consistent, it 
is selected as the mobile development platform. Therefore, a minimized proof-of-concept 
smart room management system with the capability of manage room and perform room 
check-in has been defined. 
System Implementation 
The actual implementation of the system began with the selection of the beacon, server 
and mobile app development environment. The final choice of Bluetooth Beacon is 
Estimote® BLE Beacon [3] (See Figure 3.1). The reason to choose Estimote® BLE 
Beacon is that it has a long battery life (6 years) and it sends back not just the location 
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information, but also temperature, motion sensors, accelerometer and NFC that is capable 
of handling multiple tasks. Although this project does not utilize these information, it 
would be ideal for continuous development. 
 
Figure 3.1 Estimote® Bluetooth Beacon 
On the server side, the system is supposed to have a cloud server so the cloud server 
would interact with mobile apps. Through testing and careful evaluation, the IBM® 
Bluemix [7] server is selected as the cloud server. The author was granted free access to 
use the Bluemix server for a year. Due to the fact that this system is a proof-of-concept 
system, the sever is established with minimum usage of computing power: one core CPU 
with 4 GB Ram. 
On the app side, the author selects React-Native [15] as the main framework for app 
development. Developed by Facebook®, React-Native offered a quick and simple way 
for developers to write JavaScript code which later can be converted into native Android 
and iOS apps. The reason to use React-Native is that it allowed the usage of many open-
source gadgets and plugins without the necessity of reinventing wheels. The development 
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would be faster, although not as reliable as the native way, and more versatile, which fits 
the need of a proof-of-concept system development. 
The following versions of the components are selected as they are considered stable and 
up-to-date at the starting time of development process. 
- The mobile app is developed using React-Native (version 0.33), the 
corresponding Xcode [20] version is 8.4; 
- The operating system that runs on the mobile app is iOS 10.1.1; 
- The cloud server is developed using node.js (version 6.6.0); 
- The cloud server is hosted on IBM Bluemix Cloud Server: 
http://ipred.mybluemix.net/ ; 
- The Bluetooth beacons selected are Estimote® BLE Location Beacons (Firmware 
Version Estimote® OS 4.6.1, Hardware Revision F2.3). 
The system is designed to work with multiple parties including the Bluetooth beacon, the 
cloud master server and the mobile app (See Figure 3.2). The server listens to all clients 
(smartphone apps) about the user information. When the user used the app to book a 
room, the server records the information and forbid booking to the same room at the same 
time. When user holds the smartphone, and walks into the building, the beacon detects 
the user as being “in range but far away”, and the app displays such information to let 
user know the room is “in range but far away”. As the user gets closer, the beacon 
constantly updates the proximity information and notify the user when the proximity data 
reads as “immediate”. User is then automatically checked in. (Some functions are 
developed for viewing purpose only and are not fully functional as described.) 
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Figure 3.2 System Design 
The cloud server is hosted on the cloud sever of IBM Bluemix, the code is documented, 
scalable and transferrable to a local virtual machine hosted on SILS if continuous 
development is desired. 
Coding Practices and Code Repository 
Since this project mainly uses JavaScript, the coding style of this project followed the 
style guide for JavaScript stipulated by Google [5]. 
The code is hosted on github.com: https://github.com/wangleibeckham/iPRED 
Usability Study Design 
This study is designed to be conducted in Manning Hall, home of the School of 
Information and Library Science, UNC at Chapel Hill. To minimize the interference of 
the system testing to the daily routine of the school, the test is limited to be deployed to 2 
rooms in Manning Hall. One is the Virtual Reality Lab located at the top level of the 
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Manning hall (Room 309) and the other one is Room 014 located at the basement floor of 
the Manning hall. Estimote® Bluetooth beacons are deployed near the front door of each 
room and the testing app is run on an iPhone 6s Plus running on the iOS10 operating 
system.  
Research Group Determination 
The target size for this research is 5-10 people with age 18 or greater and with random 
gender and academic background. All test subjects are supposed to have some knowledge 
and exposure to smartphones. This system is supposed to be used by adult users with 
some familiarity with smartphones regardless of gender or academic background so 
gender and academic background are considered not important. 
In addition, all participants are selected as those affiliated to the university so they have 
some background knowledge of the campus setting. However, a participant is not 
required to know about Manning Hall, the target building used to the research, and 
locations of the rooms used in the research. Also, the IT department located at the 
Manning Hall has built a room management system using Microsoft® Outlook, but users 
are not required to have prior knowledge of the system. 
Variant Determination 
The author is supposed to provide users a quick overview on how to use it. And based on 
the overview, test subjects use the system app intuitively without any human intervention. 
The feedback on test subjects in terms of the accessibility of the application, the 
accessibility of the lab booking process and the helpfulness of the information given in 
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the app. Users are required to book one lab in the building, and, using the app, identify 
the location of the lab and check-in the lab. The duration for the user to find the lab is 
also recorded as one variant. 
In comparison, test subjects are required to use the existing lab management system as a 
comparison, and, since the existing system does not have location support, test subjects 
are given a map same as the map in the mobile app. 
In addition, all participants are observed by the researcher who observes the user 
experience without providing any guidance or help in the action. 
Therefore, the following variants are needed for the research 
- The overall speed of users performing the action provided (measure in minutes) 
and a comparison to the existing approach. 
- The duration for the user to find the lab (measure in minutes) and a comparison to 
the map-only approach. 
- Commonly made mistakes of the user (measure in mistake/occurrence) 
- The user experience of the mobile application (measure in scales) 
- The usefulness of the information provided by the system (measure in scales, 
followed with open-ended questions) 
- The observation findings (open-ended question filled by the researcher) 
Research Questionnaire 
See APPENDIX I. 
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Research Tasks 
See APPENDIX II. 
Use Cases and Inspection 
In addition to the usability study based on test subjects. A usability inspection is used as 
well to test the usability of the main functions of the system. The Smart SILS room 
management has the following main functions: 
- User can scroll to view a list of labs that are connected to the smart cloud, and an 
indication of the proximity of the user to the lab is notified when user enters the 
section of the app that interacts with the beacon.  
- When user press one lab, the information of the lab, including time availability of 
the day and introduction of the lab should be provided. 
- User can reserve the lab he/she intended to use at a given time.  
- User can access the information of the lab/room to make preparation before using 
the lab. 
- User can contact lab management team via the build-in email system of a 
smartphone.  
For use case inspection, the author adopts the usability inspection defined by Nielsen and 
Mack [12]. It was defined as a set of methods where an evaluator inspects a user 
interface. As a contrast to usability testing, usability inspection provides a supplement to 
the usability study to evaluate the system. It serves an evaluation method for the author to 
study the completeness of the system, especially the user interface that is going to be 
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tested on users. Among all usability inspection approaches, the author selected the 
scenario-based inspection and generated a few user stories to test the system in addition 
to the real-world user experience test. 
 
Figure 3.3 Login Panel 
For all the Scenarios, user have to enter the username and password to login. (Figure 3.3). 
Therefore, this step is removed from the explanation of each task. Due to security 
concerns, this part is not realized as described, the server has a list of predefined users 
allowed to use the app and respond to these selected users. The use case inspection 
assumes that all users are registered users of the app and they are all on the campus of 
UNC Chapel Hill when using the app. 
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Below are 5 scenarios most users would face when using the app. A walkthrough of each 
scenario is given in 5 different pages below with each step user needs to operate. 
Scenario 1.  A SILS student, Lucy, would like to check out how many times she had 
booked the lab and see the Virtual Reality rooms availability right now. There are two 
tasks in this scenario: 1. Check out how many times she booked the lab/room using the 
app; 2. Check out the availability of the Virtual Reality room right now. (Assume the day 
she uses the system is November 16, 2016)  
Scenario 2.  A visiting professor, Jeffery, does not know the location of the Manning hall 
and would like to check it out, and he is would like to know if Manning 014, the room 
he’s going to host a meeting, has projector and what type of interfacing port the projector 
system supports in order to use the projector. 
Scenario 3.  A SILS student, Zhenwei, would like to book the Virtual Reality Room for 
December 1, 2016 at 1:00pm and would like to know how to operate the HTC Vive 
system before coming to the room.  
Scenario 4.  A visiting professor, Steven, would like to find the Manning014 he booked 
and use the app to check in. 
Scenario 5.  A SILS Student, Lucy, would like to check in the Manning014 she booked 
but she was checking in at a wrong time. She’s not happy with the app and would like to 
file an anonymous feedback to the management team. 
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Steps for Scenario 1: 
 
                 
      Figure 2.4 User Profile Tab              Figure 2.5 Status Tab      Figure 2.6 VRRoom Page               Figure 2.7 Pop-up Page 
 
Task 1: After login, check out the number of times she booked the lab in the User Profile Tab. (Figure 2.4) One task done. 
Task 2: Click the Status Tab, and press on the Virtual Reality Room she intends to find. (Figure 2.5) 
Task 3: Click the “Check Availability” button on the page about the detail of the Virtual Reality Room. (Figure 2.6) 
Task 4: Check out availability on the pop up page after selecting November 16, 2016 in the date picker. (Figure 2.7) One task done.
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Steps for Scenario 2:  
 
                
           Figure 2.8 About Tab              Figure 2.9 Location Page           Figure 2.10 Status Tab          Figure 2.11 Manning14 Page 
 
Task 1: After login, press the About tab. (Figure 2.8) 
Task 2: Press “About Manning Hall” button and check out the location information shown on the app. (Figure 2.9) One task done. 
Task 3: Press the Status tab and select “General Classroom (Manning 014)”. (Figure 2.10) 
Task 4: On the page of Manning 014, swipe the page to the bottom and check out the projector information. (Figure 2.11) One task 
done. 
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Steps for Scenario 3:  
 
                 
    Figure 2.12 Booking Tab         Figure 2.13 Booking confirmation    Figure 2.14 VRRoom Page            Figure 2.15 Browser View 
 
Task 1: On the Booking tab, select “Dec/1/2016 1:00PM” for time and “Room 309 (VR)” for room and press “Book Room” button. 
(Figure 2.12) 
Task 2: Confirm the information and press OK after checking the booking information. (Figure 2.13) One task done. 
Task 3: Go to the VR Room page via the Status tab, and swipe down to check device info of the room. (Figure 2.14) 
Task 4: Press the HTC Vive image and get redirected to the HTC’s website in the Browser View. (Figure 2.15) One task done. 
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Steps for Scenario 4: 
 
          
    Figure 2.16 Manning14 Page         Figure 2.17 Find Room Page           Figure 2.18 Arrival Alert           Figure 2.19 Check-in Alert 
 
Task 1: After login, go to the Manning14 Room page via the Status tab and press “Find Room” button (Figure 2.16) 
Task 2: Arrive at the basement of the Manning hall while keeping the Find Room Page open, walk to the room according to the map 
given and check the Proximity information that’s constantly updating. (Figure 2.17) 
Task 3: When reaching the front door of Room 14, put the phone next to the Bluetooth beacon for the arrival alert. (Figure 2.18) 
Task 4: Press the “Check In” button after arrival and complete the check in procedure. (Figure 2.19) One task done. 
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Steps for Scenario 5: 
 
          
     Figure 2.20 Error Alert               Figure 2.21 Contact Us Page           Figure 2.22 Arrival Alert           Figure 2.23 Browser View 
 
Task 1: Follow the Tasks given in the Scenario 4 until Task 4, where pressing the “Check In” Button gives an Error Alert instead of a 
Check-in Alert. (Figure 2.20) 
Task 2: Go back to the Status Tab and select About Tab, then press the “Contact Us” button to access Contact Us Page. (Figure 2.21) 
Task 3: Press the “Send Feedback” button and press OK on the pop-up window to go to the SILS library website.  (Figure 2.22) 
Task 4: Enter with information on the redirected browser and send the information. (Figure 2.23) One task done.
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Usability Testing Results 
Findings of Participate Observation 
There are 6 participants joined the test and all of them showed excitement of having the 
booking app. By comparing the app with all existing approaches, the author found some 
interesting findings shown in Chart 4.1. When using the app, in terms of the duration for 
them to find the lab using lab or other existing system, they performed almost at the same 
speed. In addition, the new IoT approach showed some advantage over other approaches 
when it comes to room finding speed. However, the booking process using the app 
generates mistakes that were not seen in the existing approaches. One user selected the 
wrong room to book because he was not familiar with the system. On the other hand, the 
existing booking process, either by sending an email to book the room or contact a library 
assistant at Manning Hall are mostly controlled by librarians or the Outlook system, 
which creates no problem in this regards. 
0
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Average time spent to book the room 
(minutes)
Average time spend to find the room 
(minutes)
Number of mistakes made in the 
booking process
Chart 4.1 Observation of users using different booking 
approaches
Smart SILS Existing System (Outlook) Manual Booking at SILS Library
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In terms of the commonly made mistake of the users using the app, the findings (see 
Chart 4.2) are interesting as well. Most test subjects understood the app and used the app 
without difficulties. But, as mentioned above, one test subject failed to book the room at 
the right time, and 2 users did not understand the proximity indicator when using the app 
to find the room. The author intervened the room finding process of these two test 
subjects and re-explained the mechanism and they all finished the task successfully. Also, 
due to a certain degree of complexity of the app, 3 test subjects failed to identify the 
function or find the information needed to finish the task. The failure happened when test 
subjects tried to jump from one function to another, especially the target function was 
deep inside another tab or function. They tried to press on some random places or places 
they thought the app would respond based on their user experience with other apps.  
It is suggested that in future development, the user interface should allow quick jump 
from one to another, especially when two functions are inter-connected. (i.e. when user 
finished booking the room, there should be a quick link to the room check-in function.) 
 
 
All test subject was assigned 4 tasks they need to work on with the app, and they were 
asked about their experience of each task in terms of difficulty.  
Chart	4.2	Mistakes	found	in	using	the	Smart	SILS	app
Book	the	wrong	time Unable	to	locate	some	functions	of	the	system
Do	not	understand	the	proximity	indicator
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In general, all test subjects enjoyed using the app and give all tasks “Very Easy”, or 
“Easy”. The only task that has two “Easy” ranking is the room check-in task using the 
Beacon. This result is expected as the technology is fairly new so not many of them know 
how to use it. However, given some explanation and tested by themselves, all test 
subjects were happy with the function and enjoy using the app.  
Findings of Posttest Questionnaire 
In addition to asking the difficulties of each task, users were interviewed after the test for 
their experience with the app. They were asked 6 questions:  
1. It is easy to book a room using the app; 
2. It is easy to check in a room I reserved;  
3. In general, the information provided in the app is helpful;  
4. I am comfortable to use this app and has no problem viewing the information it 
provides;  
5. I encountered problems while using the app and could not solve it;  
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Task	1 Task	2 Task	3 Task	4
Chart	4.3	Difficulity	of	research	tasks
Very	Easy Easy Neutral Hard
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6. I prefer using the app than using the email system or contacting a librarian (See 
Figure4.4). 
 
 
The results showed that test subjects are, in general, happy with the app and willing to 
use the app. Although some of them experienced some difficulties in using the system, in 
most cases they figured it out by themselves. Most difficulties are not function-related but 
user-interface-related. For future development, the system, especially the user interaction 
and user interface should be designed to resemble some major user-centered apps like 
Facebook® app or Twitter® app so users could learn to use the app quickly. 
Answers to Research Questions 
1. The usability of the smart room management system using the Bluetooth beacon 
technology, does the system meet the user’s needs? 
The experiment showed that, in general, the usability of the system is good. Users are 
happy with the new features that comes with the app that can run on their mobile devices. 
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Chart	4.4	Results	of	Posttest	Questionnaire
Strongly	Agree Agree Neutral Disagree Strongly	Disagree
  
 
34 
Although the existing system has most of the functions working for room management, 
the new system allows new feature, the proximity detection, and helped some of them in 
finding their way to the room and get information of the room devices they can use. The 
app and server are working properly without lags so users are happy with the response 
speed of the app too. Some of test subjects mentioned that compared to the existing 
approach, the system offered them with more flexibility and ability to select the room 
they want rather than checking the room by themselves before booking the room, which 
waste a lot of time. The beacon works as expected. Although the limitation of the 
research allowed only 1 beacon for one room so the proximity information is not accurate 
or directional, it offered users with extra information in addition to the map offered in the 
map. The overall speed of checking into the room is faster than other approaches in 
general. 
2. What is the advantage and disadvantage of selecting Bluetooth beacon technology over 
other technologies?  
The research showed that the Bluetooth beacon technology offered a new way in guiding 
users the way in a closed, pre-defined area with higher location accuracy compared to 
other technologies. In addition, the beacon is not expensive (99 dollars for 3 beacons) 
compared to devices using other technologies. In addition, the development process is 
fast since most smartphones has built in APIs that allows listening to Bluetooth beacon 
activates and receive information of the beacon. Therefore, the Bluetooth beacon serves 
quite well in a smart room management system with a focus on guiding users with 
locations.  
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3. What features do users expect, what information do users need when interact with the 
system?  
In most cases, the information needed by users are: booking information with 
confirmation, status, and room equipment information. The existing service provided by 
the IT department of the Manning hall have basically fulfilled the information need. 
However, the mobile app + Bluetooth beacon provides users the location information, 
which is helpful for those using the room or system for the first time. However, if the 
users get used to the room location, the function is not that helpful anymore. In addition, 
some test subjects showed their willingness of seeing the app offering the function to 
contact the other person who booked the room at a certain time so he/she could discuss 
with the said person to use the room if there is an emergency. 
4. What are the suggested future development for the existing system? 
It is recommended that in future development, more information could be provided to 
users to know the status of the room. For example, users could know the temperature, 
lighting status, room capacity or the lab and could see the room in a closed-circuit camera 
video. They could even remotely connect to the projector. The introduction of Bluetooth 
V5.0, as mentioned before has enabled a more powerful Bluetooth beacon with a wider 
detection coverage and better data transfer capability. It is hoped that this technology 
could be more widely used in the IoT field, especially in the room management field.
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Conclusion 
This proof-of-concept smart room management has enabled many interesting 
technologies like the Bluetooth Beacon technology, cloud technology and mobile 
technology. The app had showed a good user-interaction and is quite user-friendly. The 
usability inspection and usability study results showed that for each tasks user tried to 
achieve, they can finish it within 3-4 page transitions and a few button-clicks. The 
proximity detection function is working as expected but showed a little bit lag on the 
beacon side so there is a latency for the app to get the updated information. One of the 
possible reasons is that there are many devices on each floor of Manning Hall and some 
of they may also transmitting or emitting some information on the channel close to the 
Bluetooth channel. 
During the usability test, test subjects expressed that they enjoy using the app but they 
would like to get more room information like temperature or light status. Some of them 
also expressed that an interaction with some of the in-room devices would be great as 
well. What’s more, test subjects mentioned that the function to find rooms may become 
obsolete after user used the system for a few times and know the location of the room 
they booked. Due to the limitation of this research, some functions test subjects 
mentioned were not realized, but the Estimote® beacon has the capability to transfer 
temperature and light status data and it is suggested that for future development, such 
information should be utilized to offer some more interesting functions. By offering more 
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functions, user is believed to be happy to use the app even after they are familiar with the 
location of rooms. 
In conclusion, this research had showed that the IoT technology enablement could 
provide room booking with more features on the user side that is desirable. The selected 
Bluetooth Beacon technology enables users the ability to find the room they want to go 
by themselves. The technology allowed them to book the room, check out the room info 
and check in the room all by themselves at a fairly easy and quick way. It is a fast and 
easy way to for a department with multiple rooms or halls. The new system could also 
reduce the amount of time room management team, which in many cases also the general 
administration team, work on dealing with room management and service explanation. 
For future development, with more beacon installed, the system can offer more accurate 
location information.  
The time and energy limitation had stopped the author from exploring more possibility of 
these beacons or interaction between beacons and some other IoT devices, but these 
beacons had proved that they would play an important role in the world of IoT and smart 
room management field. 
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APPENDIX I POSTTEST QUESTIONNAIRE 
  
1. It is easy to book a room using the app: 
___ Strongly Agree 
___ Somewhat Agree 
___ Neutral 
___ Somewhat Disagree 
___ Strongly Disagree 
 
2. It is easy to check in a room I reserved: 
___ Strongly Agree 
___ Somewhat Agree 
___ Neutral 
___ Somewhat Disagree 
___ Strongly Disagree 
 
3. In general, the information provided in the app is helpful: 
___ Strongly Agree 
___ Somewhat Agree 
___ Neutral 
___ Somewhat Disagree 
___ Strongly Disagree 
 
 
4. I am comfortable to use this app and has no problem viewing the information it 
provides: 
___ Strongly Agree 
___ Somewhat Agree 
___ Neutral 
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___ Somewhat Disagree 
___ Strongly Disagree 
 
5. I encountered problems while using the app and could not solve it: 
___ Strongly Agree* 
___ Somewhat Agree* 
___ Neutral 
___ Somewhat Disagree 
___ Strongly Disagree 
*Please provide more information: 
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________ 
 
6. I prefer using the app than using the email system or contacting a librarian: 
___ Strongly Agree 
___ Somewhat Agree 
___ Neutral 
___ Somewhat Disagree 
___ Strongly Disagree 
 
7. What other features would you like to have in this app: 
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________ 
____________________________________________________________________ 
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APPENDIX II RESEARCH TASKS 
Username: ________  Password: ________ 
 
Task 1 (Room Status Checking and Booking):  
Please use the app and check out the availability of one of the following rooms 
at_________. 
Virtual Reality Room     Available          Not Available 
Manning 014                   Available          Not Available 
 
Please continue the task by booking the room for this time slot. 
 
How Easy is the task? 
___ Very Easy 
___ Somewhat Easy 
___ Neutral 
___ Somewhat Hard 
___ Very Hard 
 
Task 2 (Room Check-in):  
Please use the app and check in the room you booked. 
Which room did you book? 
___ Manning014 
___ Virtual Reality Room 
 
Did you successfully check in the room?     Yes          No* 
*Please provide more information: ______________________________ 
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How Easy is the task? 
___ Very Easy 
___ Somewhat Easy 
___ Neutral 
___ Somewhat Hard 
___ Very Hard 
 
Task 3 (Room Information Exploration):  
Please use the app and check devices available for one of the following rooms 
Which room did you pick? 
  Manning014     Virtual Reality Room 
 
Did you successfully find device information of the room?     Yes          No* 
*Please provide more information: ______________________________ 
 
List devices available in the room. 
____________________________________________________________________ 
____________________________________________________________________ 
 
Try to find the manual or guide to use one of the device, and explain what you have 
found. 
____________________________________________________________________ 
 
How helpful is the device information? 
___ Very Helpful 
___ Somewhat Helpful 
___ Not so Helpful  
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___ Not Helpful 
 
How Easy is the task? 
___ Very Easy 
___ Somewhat Easy 
___ Neutral 
___ Somewhat Hard 
___ Very Hard 
 
 
 
Task 4 (System Information Exploration): 
Please use the app to find the map that shows the location of the Manning Hall. 
Did you successfully find the map?     Yes          No* 
*Please provide more information: ______________________________ 
 
How Easy is the task? 
___ Very Easy 
___ Somewhat Easy 
___ Neutral 
___ Somewhat Hard 
___ Very Hard 
 
Please use the app to find the map that shows the location of the Virtual Reality 
Room. 
Did you successfully find the map?     Yes          No* 
*Please provide more information: ______________________________ 
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How Easy is the task? 
___ Very Easy 
___ Somewhat Easy 
___ Neutral 
___ Somewhat Hard 
___ Very Hard 
 
 
Please use the app to submit a feedback to SILS IT Service. 
Did you successfully submit the feedback?     Yes          No* 
*Please provide more information: ______________________________ 
How Easy is the task? 
___ Very Easy 
___ Somewhat Easy 
___ Neutral 
___ Somewhat Hard 
___ Very Hard 
